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Statement  of  the  Problem  Studied 


The  objective  of  this  research  has  been  an  investigation  of  specific  brain 
mechanisms  that  may  be  operating  in  perceptual  processes.  In  considering  the. 
mammalian  visual  system,  we  have  paid  particular  attention  to  the  hierarchic  struc¬ 
tures  from  retina  to  visual  cortex,  and  proposed  that  well-known  feedback  pathways 
cause  stimulus-specific  modifications  of  sensory  input  at  peripheral  structures  such  as 
the  lateral  geniculate  nucleus  (LGN)-  We  proposed  specific  mechanisms  by  which 
these  modofications  are  brought  about,  and  showed  that  they  required  only  very 
primitive,  stereotyped  neural  circuitry  that  is  likely  to  exist  in  the  brain. 

The  work  was  an  extension  of  a  prior  ARO  research  contract  which  expired  in 
September  1986.  Among  the  specific  aims  of  the  present  work  was  to  investigate 
whether  our  model  could  account  for  such  cognitive  functions  as  content  addressable 
memory,  feature  enhancement  and  suppression,  and  such  meta-sensory  phenomena  as 
dreaming  and  hallucinations. 


Summary  of  Important  Results 

The  model  used  in  the  extensive  simulation  experiments  carried  out  under  this 
contract  proposed  the  operation  of  an  optimization  network,  capable  of  modifying  an 
afferent  sensory  pattern  so  as  to  maximize  responses  at  higher  cognitive  levels.  It  is 
thus  a  model  that  uses  a  self-referent  system:  sensory  input  causes  cognitive  events 
at  higher  brain  levels  which,  in  turn,  through  feedback  pathways  to  the  LGN  and 
perigeniculate  nucleus,  cause  modification  of  the  sensory  patterns  transmitted  to  the 
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cortex. 


Our  computer  simulations  have  established  that  feature-specific  modifications 
can  be  performed  on  sensory  inputs  by  reafferent  signals  that  are  diffuse,  i.e.  lacking 
spatial  specificity,  providing  their  temporal  structure  reflects  some  ceentral  stimulus- 
dependent  response. 

We  have  shown  that  inversion  of  sensory  coding  and  feature  extraction  caan 
be  achieved  by  optimization  processes  using  only  a  scalar  central  response  as  objec¬ 
tive,  or  cost  function,  and  proposed  specific  neural  circuitry  by  which  this  may  be 
accomplished.  In  simulations  of  hierarchic  sensory  systems  we  investigated  how 
several  stages  of  such  mechanisms  may  interact[l,2]. 

The  algorithms  of  the  optimization  mechanisms  were  further  developed  and 
their  dynamics  studied  in  connection  with  cognitive  processes[3,5,7].  Here  we  showed 
that  in  recognition  tasks,  final  sensory  patterns  may  be  selectively  generated,  if  the 
sensitivity  of  the  corresponding  central  feature  analyzer  is  enhanced. 

The  dynamics  of  the  Alopex  optimization  process  was  excamined[6]  and  the 
mathematical  properties  of  the  algorithms  were  studied. 

One  of  the  important  by-products  of  this  research  has  been  the  realization  that 
the  Alopex  algorithms  lend  themselves  to  the  solution  of  a  great  variety  of  optimiza¬ 
tion  problems,  and  are  especially  useful  where  the  standard  linear  programming 
techniques  cannot  be  applied,  e.g.  in  problems  where  the  objective  function  depends 
non-linearly  on  the  control  variables  or  where  the  functional  dependence  is  not 
known  explicitly.  We  have  shown[4,7]  that  our  method  is  useful  in  the  fitting  of 
polynomial  expressions  to  data  sets,  the  traveling  salesman  problem,  and  a  study  of 
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crystal  growth  in  which  we  have  successfully  minimized  the  potential  energy  of  an 
assembly  of  atoms  bound  together  by  Lenard-Jones  potentials. 
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